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THERMAL POLYMERIZATION OF ACETYLEND
TN THE FRESENCE OF PORQUS FILLERS

A. F. Dobryanskiy and A. Ye. Drabkin
Leningrad Tech Inzt imeni Lensovet .
i

lThe aromatics formed from acetylene, according to the process de- e
W scribed, would serve as effective antiknock ingredients when added to
f'ﬁl‘.; liquid fuel, particularly aviation fuel. Conversion of kerosene, &c-
cording to Tetarinov's method, is specifically mentioned, as far as the
production of acetylene is concerned, Within the scope of the petroleum ..
and natural-gas industry, methane is an additional crude waterial for
the production of acetylene, and consequently may be converted into aro-
matice by way of the acetylenej

r The polymerization of acetylene proceeds with a decrease of volume; therefore,
. increased pressure should assist the formation of the product. However, since
acetylene already explodes at a comparatively slight excess pressure (1), the use
of high pressures is limited.

Zelinskiy (2) proposed that indirsct pressure be substituted for direct Ly
forcing heated acetylene to pass through a porous substence with an extensively
. e developed surface. Using activated carbon for this purpose, Zelinskiy succeeded
in obtaining a polymerization product with a yield of 70-74% by weight, with re-
ference to acetylene. This product contained up to 35% of benzene and )+1; of

toluene., .
: {

These results were considerably better than those which were reached before w0y
Zelinskiy's time by other investigators (3, &, 5), and thus Zelinskiy's hypothesis !
in regsrd to the favorable effect of activated carbon on the process of thermal - .
polymerization of acetylene seemed to find experimental verification. However, .
certain authors (6, T, 8) have pointed out *hat the porosity of the carbon has no
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essential significance, since results have been cbtained with less porous sub-
stances, such as coke, caolin, pusice, brick, and porcelain, which are similar
to those obtained with activated carbon or esilice gel. In the opinion of the
above authors, the actual catalyst of the polymerization is the carbon formed on
the surfaces of the different fillers during the thexmal process.

Fischer (9), and also Lozovoy (10), have observed that resin formation be-
gins only after 5-6 hours of warming up of the activated carbon. According to
Fisher, during the warming-up process there is formed on the activated carbon a
film of carbon which is the actual catalyst of the polymerization reaction.

In the opinion of Lozovoy (10}, it is difficult to decide whether this car--
won is the actual ceatalyst or whether it is a product of far-advanced condensa-
tion [Eolymerization accompanied by dehydrogenatiq§7, and does not affect the

process.

Works of other investigators provide no answer to this question, although
it was noted (10, 11, 12) that vhen a dense, shiny layer (crust) of carbon is
formed, the polymerization of acetylene proceeds intensively, while in cases
when & sooty carbon formed in the reaction space and there was an insignificant
yield of resin, acetylene decomposed into its elements. .
o~

Experimential Part

The raw material for polymerization was gas produced by the decomposition
of kerosene in an electric-arc discharge, according to the Tatarinov method (13,
14), Thls gas has the following percentage composition:

Acetylene  33.1%
Ethylene 8.7

Ethane 1.0
Methane 8.3
Hydrogen 45,4
Carbon

monoxide 0.6
Propene and
n-butene 2.9

The polymerization was carried out in a circulating system consisting of a
porcelain tube heated by a circular electricel furnace, condensers, scrubbers,
and receptacles for reaction products and gas. The temperature was measured by
a thermocouple placed in a vorcelain sheath inside the reaction tube. The rate

et g alove- vas 9 A SRR ENENRad. Zhoone ter .

The gaseous reaction products were analyzed for Op, CO, COp, and saturated
hydroc&rbons by the customary methods of gas analysis. Olefinic hydrocarbons were
determined Ly Dobryanskiy's sulfuric-acid method (15), as modified by Markovich
and Dement'yeva (16). Butadiene was analyzed with meleic anhydride, according to

Korotkov.
- The products in the receptacles and the light hydrocarbons which were dis-
) t1lled with steam from the scrubber oil were separated first inte two frections

bolling above and below 200° respectively, and then the fraction boiling below
200° was further fractionated intn the narrower 70-90, 100-120, and 125-150°
fractions in which the content o. the respective aromatic hydrocarbons was de-

termined.
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Experiments in »n Unfilled Porcelain Tube

Both the temperature and the time during which the material being polymerized
is present in the reaction zone, i,e., the time of contaect, are of considerable im-
portance. The fact that many investigators have not considered the time factor
has often led to erroneous conclusions and has made 1t more difficult to compare
different results. Therefore, we have striven for a strict calculation of the
time of contact and have been attentive that it should be the samz in experiments

run for comparison.

The coptact period T in seconds is calculated from the formula {18):

il
T' T ,

where v is the volume of the heated part of the reaction tube in ml; T' is the
absolute temperature of the input gas; T" is the absolute temperature of the
heated gas inside the reaction tube; and F is the volumetric rate of gas flow
in ml/sec, which is equal to the average of the volumes of the input &nd output

gases;

F= V04 Vk,
2

This assumes a linear variation of the gas volume along the reaction tube.
As Vvedenskiy showed (19), the volume varies by & more complex law, but, since

in our experiments acetylene is two thirds diluted by other gases whuse volume
varies little, the error arising from this simplification is insignificant,

To select the oniimum temperature, & series of experiments was conducted
with a constant rate of gas flow of one 1/minin a porcelain tube whose dla-
meter was 32 mm and whose heated portion was 80C mm in length.

The polymerization had already started at 4009, and the yleld of products
reached its maximum of 65.8% at T00°. Above 7009, the yield of tar began to de-
crease sharply. The temperature also had an effect on the qualitative composi-
tion of the products. Thus, no aromatic hydrocarbons were formed at 4L00°, while
at 500° benzene appeared, and its quantity increased continuously as the tem-
perature increased. Toluene appeared at 600°, but with a further increase of
the temperature its.yleld began to fall off, which is epparently explained by
secondary reactions of demethylation and condensation into ditolyl.

The optimum time for the passage of acetylene through the heated zone was
12 seconds. With & shorter contact period, a large portion of the acetylene
d1d not enter inio reaction, while with a longer period the yield of light tar
Practions decreased and the yield of heavy tars and coke increased.

Polymerization of Acetylene Gas in the Presence of Fillers

We were most of all interested in finding out how the process would go when
the reaction tube was charged with a filler of the same xqaterial as the tube.
For this purpose, we used porcelair rings of 6 x 6 x 3mm in size. These rings
occupied 45% of the useful volume of the reaction space (20), which was taken '
‘into consideration in detevmining the comtact period. )

The results of experiments conducted with this filler under the seme time
. and temperature conditions as for the empty porcelain tube showed that for equal
. times of contact both the degree of decomposition of acetylene and the yields of
1iquid, geseous, and solid products remalned practically the ssme. Small devia-
tions were observed in the composition of both gas and tar.

3’
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Thus, porcelain as a filler n'xanifests no eifect on the polymerization of
acetylene, but the use of a £411ér in the tube slightly improves the conditions
of heat trensfer and reduces the danger of local overheating and of the re-
sulting decomposition of acetylene.

Silica Gel and Activated Carbon as Fillers

When silica gel was used as a filler in the reaction tube, it was well
dried and the individual pieces hed an average dimension of 4-5 mm. The free
volume of the tube, allowing for the porosity of silica gel, wes aboul 75%
of the original, and this was taken into arount in determirning the time of

contact.

The expariments, conducted each iime with a fresh charge of catalyst,
showed, that the yield of polymerization products not only did not increase,
as 1s indicated in litersture (2, 10), but decreased comsiderably. %hus,
at 700°, when the time of contact was 35.2 secopnds, only 16.9% by weight of
products, with reference to the initial acetylene, were formed.

Neither by reducing the time of contact as & constant temperature of 700°
nor by reducing tbe temperature could the yield be raise” to its former level.

The same situetion develops with activated carbon. Here we should point
out tke high degree of conversion of actylene. Thus, at 6009, up to 90% of
the ‘#cetylene entexs into the reaction, and at 7000, all of the acetylene

- e
reaces.

If the ylelds of both the gas and the polymerization products ere con-
sidered, then we f£ind in one experiment, to give a typical example, that the
gas vhich formed comprised 50.56% and the polymerization products 9.65% by
veighi of the gas used, i.e., a total amount which was considerably less than
the initial quantity of gas could be accounted for.

The remaining 39.7%% obviously .cught. to be sought in the carbon deposited .
in the form of coke or soot in the reaction tube. However, coly gbout 3 g, or
h% of loosg7coke was collected, while %e weight of the silica gel increased
by 33.54 g, comprising 34%.5% by weight o the original gas, or 65.5% by weight
of the acetylene used. Consequently, a large part of the acetylene was ¢on-
verted into products of far-advanced condensation which settled in the sflica-
gel pores, Therefore, it could be expected that, as heavy condensation pro-
ducts accumulated in the pores of the silica gel, its porosity would have to .
decrease .up to the point where all the pores were plugged. At that point
neither silica gel nor activated carbon should differ markedly in its effect
on the polymerization from suck comparatively nopporous substances as porce-
lein, clay, glass, etc. This hypothesis w.s fully supported by experiments in
vhich the same sillca gel was used for & prolonged perind and was only teaken
out periodically to determine its increase in weight. )

These experiments, conducted at T00° with a contact period of 17.5 sec,
show that the yleld of liquid polymerizates increases with the time durihg -
vhich vhe silica gel is.left in the reaction tube, and after 22.5 hours; reaches
6T% by weight of the initial acetylene and remains at this level. On the other
hend, f‘ih.e’; ¥Teld of heavy condensatlon products decreases in proportion to the ° ) :
increage of the yleld of liquid products from 54% at the begimning of the ex- )
periment to 12%.after 23 hours. If Wore acetylens is passed through, the yleld
of heavy condensation products changes little and comprises 10-11% by wéight #,
of the acetylene passed through. . !

i
BEL Tt a8

. Thus, in the beginning gtagés of the reaction in the presence of porous S
CMrAllers, the major part of the acetylene is converted into heavy condensation .
products which are deposited in the pores of the filler and gradually f£ill
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After all the pores have been filled, *he yield and composi-
1ized in time and do not differ from the
yield and composition of the products formed ir an unfilled tube or in a tube
charged with a porcelain filler. The carbon crust deposited on the surface of
the filler increases continuously as more acetylene is passed through and at
the same time reduces the free volume of ‘the reaction space and, consequently,
the contact period. If the experiment is of sufficient duration, the contact
period becomes shorter then the minimum (12 sec) required for meximum conver-
sion of acetylene into 1liquid products. Finally, there comes the moment when
the reaction tube becomes completely pl\_:gged up .

them complelely.
tion of all the products are stabi

Considering the above-mentioned facts, it is not difficult to explein why
the yield of polymerization products begins to decrease after optimum condi-
tions of the warming up of the silica gel have been attained, and why the out-
put of these products increases again 1if COp (9) or steam (11) is passed for
& short time through the tube filled with silica gel. The answer here lles
not in the poisoning ci a supposed catalyst, L.e., the deposit of a layer of .
carbon on the silica gel, snd ite regenmeration, as Fisher (9) proposes, but in
the simple oxidation of carbon: 4 '

cop + ¢ &= 200,
B0 + C £22C0 + Hy,
2Ho0 + C €= COp + 2Hp,

as a result of which carbon in the form of CO and C0p goes ‘out of the reaction
zone together with the gaseous products, and the available cross section 1s in-
creassed. Carbon monoxide was detected im the gases from the process by both
Fisher (9) and Berl {(11) and coauthors.

We think it relevant to emphesize in conclusion that in Zeiinskly's experi-
ments (2) the same activated carbon served as a filler for 40 hours and that
Lozovoy (10), in repeating Zelinskiy's experiments, worked the whole time with
the same carbon without renewing it. Thus, in neitker Zelinskiy's nor lLozovoy's
experiments was the activated carbon really a porous substancs.

In tbe polymerization of acetylene, we collected 713 g of liquid products, .
from which the following substances were separated and determined exactly: ‘ben- - ' :
zene with a yield of 30.4%; toluene‘with a yield of 5.5%; naphthalene with a ’
yleld of 8.05%; ard styrene in a guantity corresponding to less than 1% of the
weight of the products. A -

Conclusions

1. -The polymerization of acetylene is accompanied by the formation of
heavy condensation products which are deposited on the surfaces of the reaction
vessel in the form of & carbonaceous mass, This carbon does not catalyze the
polymerization of acetylene, but 15 a uecessary product of the acetylene's
conversion.

e 2. Porous substances with highly developed surfaces, such &s carbon and
silica gel during the initial stages of thermal processing, promote the form-
ation of heavy polymerization products, which are deposited in the pores of
these substances. ’

After the pores have been plugged up, which.takes 10-20 hr, the action
of silica gel and activated carbon does not differ from the &- ton of such fill-
- ers as porcelain, clay, and glass, whose role amounts to an improvement of ‘the
conditions of heat tramsfer. ) -
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